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Chronic strength training at high intensities produces large increases in 
arterial pressure and heart rate, similar to the increased loading on baroreceptors 
that result in reductions of the baroreflex experienced in endurance subjects. To 
determine the effect of high intensity weight training on the baroreflex response, 
incremental intensities of neck pressure and suction were applied to 10 untrained 
and 10strength-trained individuals during 1) rest, 2) isometric biceps contraction at 
30% of maximal voluntary contraction (MVC), and 3} isometric quadriceps 
contraction at 30% MVC. Heart rate ~HR) saturation, threshold, and operating 
ranges increased similarly during isometric biceps and quadriceps contraction, 
indicating baroreceptor resetting under each condition. The maximum slope of the 
stimulus-response curves plotting HR versus carotid distending pressure of the 
chronically strength trained subjects did not differ from the untrained subjects. There 
was no difference between groups in terms of HR saturation, threshold or operating 
point. The data suggest there is not a difference in central command-mediated 
baroreceptor resetting between chronically strength trained and untrained individuals 
performing isometric exercise at the same intensities. 
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CHAPTER ONE: INTRODUCTION 
Control of the cardiovascular system during exercise is a frequently studied 
subject. During exercise, the regulation of cardiac output and blood flow to working 
muscles is critical to maintaining blood pressure. Neural control of the 
cardiovascular system is the responsibility of a feed forward system, or central 
command, modulated by a feedback system, consisting of baroreceptors, 
mechanoreceptors, and metaboreceptors. Central command, located in the cerebral 
cortex, regulates the cardiovascular control center. 
Baroreceptors are stretch receptors located in the arteries of the carotid 
sinus, the aorta and the pulmonary vessels. Central command establishes an 
arterial pressure setpoint and reacts when feedback indicates that arterial pressure 
is below or rises above this point. If arterial pressure decreases, baroreceptors send 
error signals to the cardiovascular control center, which in turn increases 
sympathetic activity to raise arterial pressure back to the setpoint by raising heart 
rate and cardiac output. If arterial pressure rises above the set point, error signals 
are sent to central command, resulting in a decreased sympathetic response and an 
increased parasympathetic response (Rowell and Sheppard, 1996). 
During acute bouts of exercise, the arterial baroreflex is one of the primary 
controllers of the cardiovascular system. At the onset of exercise, the arterial 
pressure setpoint increases over the resting level, concomitant with an increase in 
heart rate, blood pressure, and cardiac output. Central command no longer 
interprets the increased activity of the baroreceptor as an error signal, but as a new 
setpoint. The new setpoint enables a higher carotid sinus pressure and a higher 
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systemic pressure. By allowing the rise in cardiac output and the redirection of 
blood flow to the working muscles, the arterial baroreceptors are able to offset 
muscle ischemia (Rowell and Sheppard, 1996). 
This resetting of the set point occurs immediately at the onset of exercise and 
has been observed in dynamic leg and arm exercise (Fadel et al., 2001), moderate 
to maximal leg exercise (Norton et al., 1999), and during isometric contractions 
(Ogoh et al., 2002, Kamiya et al. 2001, Smith et al., 1988, Ebert, 1986). 
Baroreceptor resetting has been shown to occur in direct relation to the intensity of 
the exercise (Papelier et al., 1994, Norton et al., 1999, Potts et al., 1993). 
The majority of research on the effect of exercise on cardiovascular regulation 
has focused on endurance activity. Fadel et al. (2001) and Smith et al. (1988) 
determined that endurance trained subjects exhibit a greater decrease in mean 
arterial pressure and an attenuated sympathetic nerve response compared to those 
with an average fitness level. A reduced orthostatic tolerance level and arterial 
blood pressure has also been shown in high fitness-level subjects (Raven and 
Pawelczyk, 1993, Shi et al., 1993). While the exact cause is not yet clear, a 
potential contributing factor to these reductions is training-induced attenuation in 
baroreceptor function (Raven and Pawelczyk, 1993, Fadel et al., 2001). The high 
levels of cardiac output achieved in endurance exercise appear to be responsible for 
these changes (Smith et al., 1988). Changes in the vasculature results in a 
compensatory change in the arterial baroreflex (Fadel et al., 2001), or perhaps 
training-induced changes in total blood volume may result in an altered balance of 
the cardiac autonomic system (Shi et al., 1993). 
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As with endurance training, cardiovascular responses to chronic, heavy 
resistance training also occur. During the performance of resistance exercises, 
large increases in heart rate and blood pressure occur, especially at high 
percentages (70-95%} of 1-repetition maximal voluntary contraction (Fleck, 1988). 
While resting heart rate and blood pressure are unaffected by resistance training, 
trained bodybuilders have a lower exercising heart rate and blood pressure during 
resistance exercise compared to untrained individuals (Fleck, 1988}. This altered 
response has been hypothesized as being due to a resetting of the baroreceptor 
threshold as a result of chronic resistance training (Stephenson, 1984}. 
Very few studies have compared baroreceptor function between various 
levels of fitness, especially strength-trained individuals. Fadel et al (2001) found an 
attenuated baroreceptor response on sympathetic nerve activity in high fitness 
subjects (V02maX= 67.8 ml*kg"' *min"~) compared to average fitness subjects 
(V02max= 49.4 ml*kg"'*min"'). To stimulate cardiopulmonary baroreceptor unloading, 
acute hypotension was achieved by releasing an inflated arterial thigh cuff after 9-
minutes of resting leg ischemia. 
Smith et al. (1988) found endurance trained subjects had a reduced 
baroreflex response compared to untrained individuals, but weight trained subjects 
did not respond differently than untrained individuals. However, hypertensive stress 
was not achieved using exercise but by a-adrenergic receptor stimulation resulting 
from infusion of phenylephrine. The use of drug infusion to create a hypertensive 
situation is thought to eliminate the contribution of mechanoreceptors and 
chemoreceptors, allowing only baroreceptor control of exercise-simulated 
cardiovascular changes. However, it is not clear the rote phenylephrine plays in 
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other physiological changes, or if drug infusion accurately simulates an exercise 
situation. Hence, it is uncertain whether responses would be different if the stimulus 
was delivered via exercise rather than by pharmaceutical methods. 
More recently, Loimaala et al. (2003) studied the effects of physical training 
on baroreceptor sensitivity in individuals with type 2 diabetes. Over a 12-month time 
period, the subjects performed cardiovascular activities at 65-75% of their V02max
for 30-minutes and strength trained at 70-80% of their maximal voluntary contraction 
(MVC), each twice per week. Similar to Smith et al. (1988), the phenylephrine 
method was used to assess baroreceptor sensitivity. Loimaala et al. (2003} found 
that baroreceptor sensitivity, as determined by the shift of the slope of the stimulus-
response curve, was improved in the exercising subjects, but failed to determine the 
individual roles cardiovascular and strength training exercise played in the increase. 
As with Smith et al. (1988), the use of pharmaceutical stimulation rather than 
exercise to simulate cardiovascular stress may influence baroreceptor function. 
The purpose of this research is to determine the extent to which baroreceptor 
resetting occurs in chronically strength-trained individuals. In this project, the effect 
of previous strength training on the carotid baroreflex control of heart rate and 
arterial pressure using a neck pressure collar will be studied. Rather than drug 
infusion, we will use isometric exercise to create hypertensive stress. We 
hypothesize that untrained subjects will display a higher mean arterial pressure and 
a higher level of baroreceptor resetting compared to trained subjects during 
isometric exercise. 
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CHAPTER 2. LITERATURE REVIEW 
Reflex control of the cardiovascular system during exercise 
The control of blood flow during exercise is vital. In order to maintain the 
demands of activity, cardiac output must deliver blood to working muscles to supply 
oxygen and energy quickly and efficiently. However, during exercise the demands 
of all the working tissues cannot be met simultaneously. Heart rate (HR) and arterial 
pressure are regulated neurologically to achieve optimal levels of cardiac output and 
balance the demand of working tissues. This neurological response involves the 
interaction of three sources of input: the cerebral cortex or central command, the 
exercise pressor reflex of skeletal muscle receptors, and the arterial and 
cardiopulmonary baroreceptors (Potts and Li, 1998). 
During exercise, increases in HR and cardiac output are due to a decrease in 
parasympathetic activity and an increase in sympathetic activity, and is directly 
related to the intensity of exercise {Rowell and O'Leary, 1990). Central command 
and muscle reflexes appear to reduce parasympathetic activity, resulting in the 
previously mentioned effects on HR and cardiac output (Rowell and O'Leary, 1990}. 
Researchers have demonstrated when the same exercise bout is performed with 
and without an inhibition of central command, both HR and mean arterial pressure 
{MAP) are reduced with lessened central command (Ogoh et al., 2002}. 
The level of sympathetic activity exhibited is directly related to the intensity of 
exercise being performed. There is a minimum threshold of work intensity exist at 
which sympathetic activity begins, for instance 33% of maximal voluntary contraction 
in maximal arm exercise (Rowell and O'Leary, 1990). As work intensity increases 
the heart rate towards 100 beats/minute, the increase in sympathetic activity results 
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in the vasoconstriction of visceral organs in order to supply the need blood to 
working muscles (Rowell and O'Leary, 1990). 
Arterial baroreflex during exercise 
As mentioned earlier, one of the mechanisms in the regulation of the 
cardiovascular response to exercise is the arterial baroreflex (Potts and Li, 1998, 
Rowell and O'Leary, 1990). Research has shown when baroreceptors were 
severed, a sudden drop in blood pressure during exercise occurred, highlighting 
their importance in cardiovascular control (Hales and Ludbrook, 1988, Melcher and 
Donald, 1981). Research investigating the role of the baroreflex in cardiovascular 
regulation generally focuses on stimulus-response relationship of HR, arterial 
pressure, carotid pressure, sympathetic nerve activity, and other related variables. 
Figure 1 represents the classic hypothetical stimulus-response curve for the 
carotid sinus baroreflex involving carotid sinus pressure and systemic blood 
pressure (Rowell and Shepard, 1996). Other studies utilize stimulus-response 
curves involving carotid sinus &aortic pressure and HR (Mcllveen et al., 2001) and 
carotid baroreflex and HR &MAP (Ogoh et al., 2002b, Potts et al., 1993, Fadel et al., 
2001), among other variables. The operating point (OP) on the figure represents the 
preset control value of the baroreflex around which arterial pressure is regulated. As 
transmural carotid pressure increases, due to a stimulus such as exercise or by 
inducing exercise-related changes, the operating point and related threshold curve is 
altered. If the threshold curve shifts upward and to the right, the operating point of 
the arterial baroreflex is said to be reset, signifying an operating point of higher 
carotid sinus and systemic pressure. When the curve shifts upward and to the right, 
the difference between the initial curve and the reset curve is referred to as the gain, 
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Figure 1. Hypothetical stimulus-response curves (or baroreflex function curves) for the 
carotid sinus baroreflex. A, Important landmarks on the curves are defined (S marks point 
of saturation). Dashed line in panel A shows the gain or sensitivity of the reflex over of the 
curve. Point of maximum gain is sometimes taken as putative baroreflex operating point. 
8, Illustrates decrease in the baroreflex gain or sensitivity (curve 1 to curve 2) in which 
operating point (OP) and systemic pressure are also shifted upward with no change in 
threshold. C, Shows upward shift in response (systemic pressure) with no change in 
threshold gain, OP, or saturation point (S) of the baroreflex. D, shows a shift in threshold 
and OP to a higher carotid sinus and systemic pressure; this is the classical picture of so-
called baroreceptor resetting. Reprinted from Rowell and Shephard, 1996. 
While the stimulus-response curve for the arterial baroreflex mentioned above 
is hypothetical, numerous studies have validated its existence. Ogoh et al. (2002) 
studied the level of central command on the carotid baroreflex response. When 
central command was increased, the carotid baroreflex-HR and carotid-MAP curves 
were reset to a higher operating point. However, when central command was 
decreased, the same curves were reset to a lower operating point. Shifts in the 
operating point have been seen in both dynamic (Potts et al., 1993, lellamo et al., 
1997, Fadel et al., 2001, Norton et al., 1999, Smith et al., 2000) and isometric 
activity (Gallagher et al., 2001, Ebert 1986, Kamiya et al., 2001, Gallagher et al., 
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2001, Querry et al, 2001), and between trained and untrained subjects (Smith et al., 
2000 ). 
Voluntary Isometric Contractions 
During a voluntary static isometric contraction, such as knee extension and 
flexion or handgrip exercise, arterial pressure and heart rate is increased. In 1986, 
Ebert tested carotid baroreflex control during isometric handgrip using a neck collar 
to provide stimulation to that area and developed stimulus-response curves based 
on his findings for the first time. Ebert found that baroreflex control of MAP and HR 
is maintained during isometric handgrip activity at 20% of maximal voluntary 
contraction (MVC) for 4 minutes. This corresponded with a rightward only shift in the 
baroreflex function curves and no increase in sensitivity, as did a similar study at 
30% and 40% of MVC (Querry et al., 2001). Other researchers found slightly 
different results when handgrip intensity was 30% of MVC for two minutes (Kamiya 
et al., 2001). Kamiya et al. (2001) found static handgrip exercise was associated 
with a resetting of the operating range for the arterial baroreflex and a gain in 
sympathetic activity. 
Other studies have demonstrated a resetting of the baroreflex during another 
form of isometric exercise, static leg extension, with no gain in baroreflex sensitivity 
(Ogoh et al., 2002, Gallagher et al., 2001, Gallagher et al., 2001). The central 
command has been shown to be the primary mechanism of baroreflex resetting 
during isometric leg exercise, to a greater extent on arterial pressure compared to 
heart rate (Ogoh et al., 2002, Gallagher et al., 2001). Ogoh et al. (2002) used 
patellar tendon vibration to increase and decrease central command during knee 
flexion and extension, respectively. With an increase in central command, an 
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increased amount of effort was required and the carotid baroreflex- HR and MAP 
curves were reset to higher levels. In each of the previously mentioned studies in 
which the baroreflex was shifted, or reset, to an increased point indicates 
neurological function has augmented the operating point to a level that will properly 
regulate arterial pressure demands of exercise. 
Trained vs. untrained 
Based on previous research, a resetting of the baroreflex has been shown to 
occur in both dynamic (Norton et al., 1999, Potts et al., 1993, lellamo et al., 1997, 
Fade! et al., 2001) and static isometric exercise (Ogoh et al., 2002, Kamiya et al., 
2001, Ebert, 1986, Keller et al., 2003, Querry et al., 2001, Gallagher et al., 2001). 
Various studies have gone a step further and investigated the impact of level of 
exercise training on the baroreflex. Fadel et al. (2001) recently examined baroreflex 
control of sympathetic activity in subjects of high fitness (V02max =68 ml*kg"'*min"' ) 
and average fitness (V02max =49 ml*kg"' *min"~ ). To simulate cardiopulmonary 
baroreceptors, acute hypotension was achieved by releasing an inflated arterial 
thigh cuff after 9-minutes of resting leg ischemia. The authors disabled the carotid 
baroreflex function by applying suction via a neck collar, which slowed the 
sympathetic response to exercise and decreased MAP. High fitness subjects 
demonstrated a greater decrease in MAP and an increase in sympathetic activity 
compared to their average fitness counterparts. The authors suggest these 
differences are due to alterations of central command due to training or slowed 
vasoconstriction (or increased vasodilatation), both due to training. 
Smith et al. (2000) also studied the difference of baroreflex function of high 
fitness (V02maX =62 ml*kg"'*min"~) and average fitness (V02max =42 ml*kg"'*min"') 
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subjects, but focused on HR regulation. Hypotensive and hypertensive stimulation 
was created by infusion of sodium nitroprusside and phenylephrine, respectively. 
Neck suction was also used to counteract carotid sinus pressure in this study. The 
authors found arterial baroreflex control of HR to be inhibitory in nature and 
unaffected by the level of exercise training. 
In the most relevant study conducted to date, Smith et al. (1988) compared 
baroreflex function in endurance- and static- exercise trained subjects. The 
endurance-trained subjects had a history of running a minimum of 50 miles/week, 
the weight-trained subjects had participated in apower-lifting meet previously, and 
an untrained group was not physically active. On one day, the subjects were 
exposed to lower body negative pressure to elicit a hypotensive cardiovascular 
response. On a separate day they were administered phenylephrine to create a 
hypertensive cardiovascular response via a-adrenergic receptor stimulation. 
The authors determined weight-trained subjects were not different from untrained 
subjects in terms of blood pressure regulation, but endurance-trained subjects had 
an attenuated baroreflex response. They also stated that the consistent high cardiac 
output fluctuations during endurance training may have altered cardiovascular 
control, but the intermittent high-pressure fluctuations associated with resistance 
training may not. Smith and colleagues conclude by stating the differences in blood 
pressure regulation result from a combination or individual contribution of: exercise 
training-induced differences in arterial or cardiopulmonary baroreceptors, differences 
in baroreceptor resetting, or differences of baroreceptors due to heredity. 
The more recently, Loimaala et al. (2003) conducted a training study involving 
both cardiovascular and strength exercises on subjects with type 2 diabetes. Over a 
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12-month period, the participants walked or jogged at 65-75% of their V02max for 30 
minutes and strength trained for three sets of 10-12 repetitions at 70-80% of their 
MVC, each twice per week. As with Smith et al. (1988), hypertensive stress was 
induced by infusion of phenylephrine. Loimaala et al. (2003) found an improvement 
in baroreceptor sensitivity in the exercising group, compared to a decrease in the 
control group. The authors did not comment on the specific roles of cardiovascular 
or strength training on the improvement of baroreceptor sensitivity, only suggesting 
that exercise in general may improve glucose control in diabetics. 
The four previous authors each used pharmaceutical means of achieving 
either hypo- or hypertensive cardiovascular responses. The purpose of 
administering these drugs to elicit a response is to eliminate the contribution of 
mechanoreceptors and chemoreceptors, allowing only baroreceptor control of 
exercise-simulated cardiovascular changes to be measured. While these methods 
are frequently used, the responses may not accurately simulate the effects of 
exercise. 
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CHAPTER THREE: METHODS 
Subjects 
The subjects consisted of 10 trained and 10 untrained males. The trained 
subjects were collegiate varsity football players that participated in the team 
organized strength-training program, consisting of a high volume total body workout, 
for at least 1 year. The untrained subjects were individuals who had not strength 
trained regularly, but were physically active. All subjects were free of known 
cardiovascular and pulmonary disorders. All subjects were verbally informed of the 
intent and procedures of the study and written informed consent was obtained prior 
to data collection. The procedures and protocols met the requirements of the 
Human Subjects Review Committee of Iowa State University. 
Preliminary data collection 
Prior to the start of participation in the study, the subjects arrived at the lab for 
preliminary data collection at least 24 hours since their last exercise. The subject's 
height, body weight, and percent body fat were recorded. Maximal oxygen 
consumption was estimated using aself-reported physical activity questionnaire 
previously developed by George et al. (1997). Maximum voluntary contraction 
(MVC) of the quadriceps and biceps was determined by performing three maximal 
isometric 90° knee extensions of the left leg and three maximal isometric 90° elbow 
flexions of the left elbow using a Cybex II dynamometer (Lumm~ex, Inc., 
Ronkonkoma, NY, USA}. The subject was also familiarized with the experiment 
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protocol, the physiological measurements to be obtained, and the carotid baroreflex 
testing procedures. 
Experimental design 
Baroreceptor function was assessed using the neck pressure/neck suction as 
previously described by Eckberg (1972). A flexible collar (EDLI, Richmond, VA) was 
fitted around the anterior two-thirds of the subject's neck. Positive or negative 
pressure was applied via the neck collar to increase or decrease arterial pressure as 
previously described by Eckberg (1972). The protocol of neck suction/pressure 
consisted of pressures ranging from +40 to -65 mmHg of 500 ms duration. The 
pressure/suction was generated by a computer to administer the pressure/suction 50 
rns after the initiation of the R-wave as observed by ECG. Pressure/suction was 
administered for approximately 15 seconds during isometric muscle contraction and 
corresponded with abreath-hold of the same duration. 
At least 24 hours after their last exercise, the subjects reported to the 
hemodynamics lab for testing. Upon arrival, the subjects were seated in the 
exercise chair for a preliminary 30-minute resting period. After the rest period, heart 
rate, blood pressure, and a baseline stimulus-response curve without muscle 
contraction was determined. Heart rate was recorded from a standard lead II 
electrocardiogram and blood pressure was recorded beat-to-beat using finger 
photoplethysmography (Finapres, Ohmeda, Madison, WI, USA} with the arm at heart 
level during the rest and the isometric contraction trials. The baseline baroreceptor 
stimulus-response curve was determined using the neck pressure/neck suction 
technique. 
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After the baseline measurements were taken, the subject performed a series 
of isometric muscle contractions with the quadriceps and biceps muscles at 30% of 
the predetermined MVC. The order of conditions was alternated by muscle group 
and was randomly assigned to each subject. The subject performed an isometric 
contraction for 30 seconds during which neck pressure/neck suction was applied, 
followed by 1 minute of rest. The subject repeated the trials under each condition 
until five satisfactory trials were completed. A rest period of five minutes separated 
the quadriceps and biceps isometric contraction trials. The subjects reported rating 
of perceived exertion (RPE) after each trial using the Borg scale to quantify the 
intensity of the work performed. 
Statistical analysis 
Carotid baroreflex stimulus-response curves were constructed based on the 
measurements obtained during the baseline period, and quadriceps and biceps 
isometric contraction trials using the neck pressure/neck suction technique. The 
stimulus (carotid distending pressure) was plotted against heart rate and systolic 
blood pressure. The maximum slope for each stimulus-response curve was 
determined by analyzing every set of three consecutive points. Operational point 
was determined from the following calculation previously described by Convertino et 
al. (2003): [(HR at 0 mmHg neck pressure —minimum HR)/(maximum HR -
minimum HR)] x 100. 
Simple one-way ANOVA was performed to compare heart rate and blood 
pressure measurements between trained and untrained groups. Statistical analysis 
was conducted using SPSS 10.0 for Windows and Sigma Stat 1.0. Statistical 
significance was set at p<0.05. 
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CHAPTER FOUR: RESULTS 
The descriptive measurements for each group are displayed in Table 1. 
There were no differences between groups in the cardiovascular measurements 
including heart rate, systolic blood pressure, or mean arterial pressure. However, 
the trained subjects were significantly different from the untrained subjects in age, 
height, lean body mass, estimated V~2max, maximal biceps and maximal quadriceps 
strength. 
Table 1. Descriptive measurements for untrained (UT) and trained (T) subjects, expressed 
as meantSD. 
UT T 
N 10 10 
AGE (years) 22.8±2.0 21.1 ±0.6* 
HT (cm) 177.4±5.4 184.6±7.9* 
WT (kg) 79.1 ±11.0 87.2±8.0** 
B F (%) 14.5±5.2 9.2± 1.7* 
LBW (kg) 67.2±5.8 79.4±7.2* 
HR (bpm) 73.2±6.8 72.3±11.4 
SBP (mmHg) 127.9±15.2 128.5±11.4 
MAP (mmHg) 95.1±11.6 94.0±7.0 
BICEP MVC (N*m) 79.0±10.7 104.9±14.4* 
QUAD MVC (N*m) 226.2±31.0 288.5±44.3* 




During the bicep and quadriceps trials, the participants were instructed to 
maintain 30% of their MVC, using visual feedback as a cue. The subjects averaged 
greater than 95% of desired force produced for all conditions (p>0.46 of desired 
force). There was not a significant difference in the RPE responses between the 
untrained and trained subjects (p=0.282) during either condition. However, there 
was a significant difference in the RPE responses between the bicep and quadriceps 
trials (p=0.031). The results for force production and RPE responses are presented 
in Table 2. 
Table 2. Desired force produced and RPE responses for the bicep and quadriceps 
conditions. RPE responses did not differ between groups, but did between QUAD and 
BICEP. 
of desired forced RPE 
UT 
BICEP 97.4±4.5 10.9±1.4 
QUAD 96.2±6.3 12.0± 1.8* 
T 
BICEP 98.7±3.1 10.4±1.8 
QUAD 98.2±9.4 11.1±1.4** 
*p<0.05 compared to UT-BICEP 
**p<0.05 compared to T-BICEP 
There was a significant increase in heart rate for both groups during the 
exercise trials. Threshold was determined as the maximum HR response, saturation 
point was determined as the minimum HR response, and operating range was 
calculated as the threshold minus the saturation point. Threshold, saturation point, 
17 
and operating range for the untrained and trained subjects increased during the 
bicep and quadriceps trials compared to the non- exercise trial (Table 3). Despite 
the significant increases between conditions, there were no differences between 
groups in the magnitude of the responses. However, there was a trend towards a 
greater saturation point for the trained group (p=0.0587} when baseline 
measurements were excluded. The changes in saturation point and the changes in 
threshold from baseline measurements are displayed in Figure 2. 
Table 3. Comparison of cardiovascular responses to neck collar pressure and suction. 
Differences exist between the conditions, but not the groups. 
Operating Slope OP 
range Sat Thr (bpm/ (% of total 
(bpm) (bpm) (bpm) mmHg) response) 
UT 
BASE 12.8±8 62.8±10 75.6±8 -0.27±0.2 66±25 
BICEP 19.3±10* 67.9±12* 87.2±12* -0.36±0.2 73±25 
QUAD 16.4±7* 71.3±13* 87.6±12* -0.30±0.2 71 ±27 
T 
BASE 14.0±8 59.5±9 73.4±11 -0.29±0.2 72±16 
BICEP 18.2±4* 69.7±8* 87.9±10* -0.31 ±0.1 69±14 
QUAD 17.5±6* 71.0±10* 88.5±13* -0.29±0.1 72±17 
























p T- BICEP 
■ UT-QUAD 
D T- QUAD 
Figure 2. Changes in threshold and saturation point for the bicep (A) and 
quadriceps (B) trials are displayed as meanstSD. There were no differences 
between groups in the HR responses. 
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Stimulus-response curves were developed from the data acquired during 
each of the neck collar pressure/suction applications, and the resulting heart rate 
responses are displayed graphically in Figure 3 and quantitatively in Table 3. The 
response curves for both groups shifted upward from baseline during the exercise 
trials. Baroreceptor sensitivity, as determined by maximum slope of each response 
curve, did not differ between groups (p=0.90), nor between conditions (baseline, 
biceps, or quadriceps) (p=0.22). The operating point of each curve also did not differ 
between groups (P=0.84) or condition (p=0.92). The absence of change in the 
centering point and operating point indicate a shifted, but not altered, baroreceptor 
function for untrained and trained groups. 
Responses of carotid distending pressure (CDP), calculated as systolic blood 
pressure minus neck collar pressure, are displayed in Figure 4. There were no 
differences in CDPmin between the three conditions, regardless of group. CDPmax 
was also not different between the untrained and trained groups. However, 
CDPmax was significantly different between the bicep and quadriceps conditions for 
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Figure 3. Heart rate responses to neck collar pressure and suction for untrained and trained 
groups. Carotid distending pressure (CDP) is calculated as systolic blood pressure/neck collar 
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Figure 4. Carotid distending pressure minimum (A) and maximum (B) responses for 
untrained and trained groups for each condition. CDPmax differed between conditions, but 
not between groups (*p<0.01). 
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CHAPTER FIVE: DISCUSSION 
The purpose of this study was to determine if baroreceptor function was 
altered as a result of chronic, high intensity strength training. I hypothesized 
individuals who participated in that type of exercise training would have a higher 
level of baroreceptor resetting compared to untrained individuals. The effect of 
central command on baroreceptor resetting represents the efferent component of the 
baroreflex, while the exercise pressor component of the baroreflex represents the 
afferent response. Thus, using exercise involving two separate muscle masses 
enabled me to account for the tatter's effect on the baroreflex. The methods used in 
this study render the exercise pressor contribution to baroreceptor resetting to be 
minimal, allowing a largely central command response. 
I clearly demonstrated that baroreceptor resetting, quantified by changes in 
the HR versus CDP stimulus response curve, occurs as a result of isometric 
exercise (Figure 2) in agreement with previous research (Ogoh et al., 2002, Kamiya 
et al., 2001, Smith et al., 1988, Ebert, 1986). The heart rate responses increased 
from baseline as a result of bicep and quadriceps contraction, and included 
increases in the threshold (HRmax), saturation point (HRmin), and operating range 
(HRrange) of the response curves (Table 3). This is similar to responses resulting 
from leg extension at 30% MVC (Ogoh et al., 2002), 2-minutes of leg extension at 
20% MVC (Gallagher et al., 2001), and handgrip contraction at 30% of MVC 
(Kamiya et al., 2001). 
The major finding of this study is chronic strength training does not alter 
baroreceptor function, specifically during acute isometric exercise. The maximum 
slope of the stimulus-response curves plotting HR versus CDP of the chronically 
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strength trained subjects did not differ from the untrained subjects. This is in 
agreement with the findings of Smith et al (1988) that found no difference between 
the slope of the HR-Mean blood pressure curves of untrained and weight trained 
subjects. The lack of differences in blood pressure regulation in the present study 
is also similar to the results of Smith et al. (1988). To our knowledge, Smith et al. 
(1988) is the only other published study measuring baroreceptor function in strength-
trained individuals. 
In the present study, we successfully evoked an efferent central command 
response using isometric muscle contraction. As demonstrated by Ogoh et al. 
(2002) and Gallagher et al. (2001), central command is responsible for baroreceptor 
resetting during isometric and dynamic exercise. However, previous research 
studying training effects on baroreceptor function has induced afferent, or feedback, 
responses by drug infusion (Smith et al., 1988, Loimaala et al., 2003, Smith 2000). 
The use of vasoactive drugs such as phenylephrine will stimulate carotid and 
cardiopulmonary baroreceptors (Ebert, 1986) and alter arterial blood pressure {Fadel 
et al., 2001) potentially altering the baroreceptor response. By eliciting 
cardiovascular responses using non-pharmacological methods, we were able to 
stimulate an efferent, or feed forward, response initiated by central command. 
The majority of the previous research regarding differences in baroreceptor 
function due to exercise training has focused on endurance training. Endurance 
trained subjects have been shown to possess an attenuated HR response to hypo-
and hypertensive stress as demonstrated by a diminished HR response compared to 
average fitness subjects (Smith et al., 2000, Shi et al., 1993) and a reduced slope of 
the HR/mean blood pressure response curve compared to untrained and strength 
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trained subjects (Smith et al., 1988). Training induced reductions in HR, 
hypervolemia, and increased ventricular compliance can lead to more forceful 
pumping of the blood from the heart in endurance subjects, leading to an increase in 
loading on the baroreceptors (Smith et al., 2000). The chronic, high intensity stretch 
of the baroreceptors may reduce responsiveness in endurance-trained individuals. 
Similar training-induced physiological changes also occur as a result of 
frequent heavy resistance strength training. Although resting variables of 
cardiovascular function such as left ventricular systolic and diastolic function, heart 
rate, and blood pressure are not affected by resistance training, lower exercising 
heart rates and blood pressure occur (Fleck, 1988). As with endurance training, 
desensitization of a sympathetic response and a resetting of the baroreceptors may 
explain the attenuated responses. 
A possible limitation of the present study is the potential for variance in the 
intensity of work performed, since subjects were responsible for maintaining muscle 
contraction at 30% of MVC. As baroreceptor resetting has been shown to occur in 
direct relationship to the intensity of the exercise (Papelier et al., 1994, Norton et al., 
1999, Potts et al., 1993), variation between subjects or groups could reflect 
erroneous response curves. In the present study, the RPE responses to exercise 
were not different between the untrained and trained groups (Table 2). By finding 
statistically similar RPE responses to exercise, we can confidently state that there 
was no difference in the effort elicited by the two groups studied because RPE 
reflects the amount of central command utilized to perform the exercise. Likewise, 
we are confident the all subjects performed the same relative intensity level of 
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exercise due to the high percentage of desired force production achieved by both 
groups (Table 2). 
Another possible limitation of this study is the training history of the study 
participants. We hypothesized that only frequent, high intensity bouts of strength 
training could cause high. blood pressure perturbations, which are believed to be 
responsible for the attenuated baroreceptor response in endurance runners (Smith 
et al., 1988, Smith et al., 2000). Our trained subjects were members of a Division 
varsity football team that had participated in the team organized strength program for 
at least 1 year. The average time our subjects had been participating in the program 
was 3 years. The strength program consisted of four total body strength training 
workouts per week during the off-season and three workouts per week in-season. 
The off-season strength program consisted of 16-20 sets per workout, with 
approximately 90 repetitions during that time. Each workout took approximately 90 
minutes to complete and the majority of the work was performed at high intensities 
(70-95% of MVC). The trained subjects very likely experienced frequent, consistent, 
and large increases in blood pressure during each workout, and if a training effect on 
the baroreflex were possible, it would have been present in this group. 
The present study involved isometric exercise using a small (bicep) and a 
large (quadriceps) muscle mass. Research has shown sympathetic nerve 
responses may differ depending on exercising limb (arm vs. leg) (Ray et al., 1992) 
and the amount of muscle mass involved (Seals, 1993). Our findings contradict 
those results, as there was no difference in any of the cardiovascular measurements 
between the bicep and quadriceps trials in either group. However, the differences 
seen in those studies did not occur until after 1 minute of exercise and likely 
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represent afferent feedback (i.e. from metaboreceptors) resulting from prolonged 
isometric contraction, not differences in muscle size. Ray et al. (2004) also 
investigated skin sympathetic nerve activity during leg and handgrip isometric 
exercise at 30% of MVC. No differences in skin sympathetic nerve activity were 
found between muscle groups at 1-minute of isometric contraction, indicating the 
intensity of exercise, not the size of the exercising muscle, is responsible for skin 
sympathetic nerve responses. This is in agreement with the cardiovascular 
responses of forearm and thigh contractions found in the present study. 
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CHAPTER SIX: CONCLUSION 
In conclusion, I have attempted to determine the effect of chronic, high 
intensity strength training on baroreceptor function in college age males during 
isometric muscle contraction. To my knowledge, this is the first study to assess 
baroreceptor function in strength-trained individuals using non-pharmacological 
methods. Contrary to my hypothesis, the results of this cross-sectional research 
suggest chronic strength training does not alter baroreceptor function during acute 
isometric exercise. In this context, the data indicate that strength-trained individuals 
do not differ from untrained subjects in terms of cardiovascular and blood pressure 
regulation. Further longitudinal research is recommended to study further the effect 
of chronic strength training on cardiovascular regulation. 
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APPENDIX A: INFORMED CONSENT _ 
INFORMED CONSENT DOCUMENT 
Title of Study: The effect of chronic strength training on the baroreflex 
response 
Investigators: Robin Shook, Graduate Student, &Warren D. Franke, Ph.D. 
This is a research study. Please take your time in deciding if you would like to 
participate. Please feel free to ask questions at any time. 
INTRODUCTION 
The purpose of this study is to determine the effect of chronic strength training on 
the baroreflex response. The study will be performed in the Department of Health 
and Human Performance's Hemodynamics Laboratory. You are being invited to 
participate in this study because you are an apparently healthy college age person. 
DESCRIPTION OF PROCEDURES 
If you agree to participate in this study, your participation will last for about 1 week 
and will involve 2 visits to the Hemodynamics Laboratory, lasting 1 and 3 hours each. 
During the study you may expect the following study procedures to be followed. 
Visit 1: You will come to the Hemodynamics Laboratory, Forker 266, to receive an 
explanation of the procedures to be performed during Visit 2, and have an 
opportunity to see the equipment used. You will then go to the Exercise 
Clinic, Forker 140, to be tested for your maximal strength level. You will be 
tested on quadriceps and biceps strength using the Cybex II isokinetic 
dynamometer. 
Visit 2: Seven days after Visit 1, you will come to the Hemodynamics Laboratory at 
least 12 hours after your last workout and at least 3 hours after your last ful! 
meal. 
a. You will be `prepped' for the experiment. This will entail having 6 
circular electrodes placed on your torso to monitor heart rate and small 
blood pressure cuff will be placed on your right middle finger. The 
electrodes will feel like pieces of tape are stuck to your skin. 
A flexible collar will then be fitted snuggly around the front two-thirds of 
your neck. The collar is lined with a soft, gel membrane to reduce 
discomfort. 
b. You will then sit quietly in an upright position in the exercise chair for 
30 minutes minutes. 
c. After 30 minutes has elapsed, you will be ask to hold your breath for a 
series of 30-second trials. During all trials, pressure in the neck collar 
will be altered by incrementally, first by adding additional pressure and 
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then suction over a 15-second time period. During some of the trials, 
you will perform a knee extension against a fixed resistance 
corresponding to 30% of the maximum determined on Visit l , in 
addition to the neck collar pressure changes. You will also perform 
elbow flexion against a fixed resistance corresponding to 30% of the 
maximum found on Visit ~, in addition to neck collar pressure changes. 
RISKS 
While participating in this study you may experience the following risks: 
Delayed onset muscle soreness may occur after the maximal quadriceps and 
biceps testing during Visit 7. People with especially sensitive skin may develop a 
rash after prolonged contact with the electrodes. This project likely constitutes too 
short a period for this to occur. 
BENEFITS 
If you decide to participate in this study there may be some direct benefit to you in 
that you will learn what your maximum quadriceps and biceps strength is. It is 
hoped that the information gained in this study will benefit society by increasing the 
overall understanding of cardiovascular regulation. 
COSTS AND COMPENSATION 
You will not have any costs from participating in this study. You wil! be 
compensated for participating in this study. You will receive .1 %point for each hour 
of time involved in this study, up to '/2% point, on your final grade in EXSP 458. 
PARTICIPANT RIGHTS 
Your participation in this study is voluntary and you may refuse to participate or 
leave the study at any time. If you decide not to participate in the study or leave the 
study early, it will not result in any penalty or loss of benefits to which you are 
otherwise entitled. 
RESEARCH INJURY 
Emergency treatment of any injuries that may occur as a direct result of participation 
in this research is available at the Iowa State University Thomas B. Thielen Student 
Health Center, and/or referred to Mary Greeley Medical Center or another physician 
or medical facility at the location of the research activity. Compensation for any 
injuries will be paid if it is determined under the Iowa Tort Claims Act, Chapter 669 
Iowa Code. Claims for compensation should be submitted on approved forms to the 
State Appeals Board and are available from the Iowa State University Office of Risk 
Management and Insurance. 
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CONFIDENTIALITY 
Records identifying participants will be kept confidential to the extent permitted by 
applicable laws and regulations and will not be made publicly available. However, 
federal government regulatory agencies and the Institutional Review Board (a 
committee that reviews and approves human subject research studies) may inspect 
and/or copy your records for quality assurance and data analysis. These records 
may contain private information. 
To ensure confidentiality to the extent permitted by law, the following measures will 
be taken. All collected data will be stored on a hard drive on a computer in the 
Hernodynamics Laboratory lab while the project is ongoing. Only students working 
with Robin Shook or Dr. Franke in the Hemodynamics Lab have access to the 
computer. The computer is password protected and, for data entry, subjects wilt be 
identified using a unique code and letter. Subjects will not be able to be identified 
unless the user has knowledge of this unique code. it wil! be kept in Dr. Franke's 
office so no one other than he will have access to it. Data will be kept on Dr. 
Franke's computer for 2 years and then deleted. If the results are published, your 
identity will remain confidential. 
QUESTIONS OR PROBLEMS 
You are encouraged to ask questions at any time during this study. For further 
information about the study contact Robin Shook at 294-4463 or Dr. Warren Franke 
at 294-8257. If you have any questions about the rights of research subjects or 
research-related injury, please contact the Human Subjects Research Office, 2810 
Beardshear Hall, (515) 294-4566; meldrem@iastate.edu or the Research 
Compliance Off cer, Office of Research Compliance, 2810 Beardshear Hall, (515) 
294-3115; dament ~a iastate.edu 
****************************************************************************** 
SUBJECT SIGNATURE 
Your signature indicates that you voluntarily agree to participate in this study, that 
the study has been explained to you, that you have been given the time to read the 
document and that your questions have been satisfactorily answered. You will 
receive a copy of the signed and dated written informed consent prior to your 
participation in the study. 
Subject's Name (printed) 
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(Subjects Signature) (Date) 
[Include the Parent/Guardian/Legally Authorized Representative signature line only if 
applicable to your study.] 
(Signature of Parent/Guardian or (Date) 
Legally Authorized Representative) 
INVESTIGATOR STATEMENT 
I certify that the participant has been given adequate time to read and learn about 
the study and all of their questions have been answered. It is my opinion that the 
participant understands the purpose, risks, benefits and the procedures that will be 
followed in this study and has voluntarily agreed to participate. 
(Signature of Person Obtaining (Date) 
Informed Consent) 
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APPENDIX B: PHYSICAL ACTIVITY QUESTIONNAIRE 
Name Date 
Height m Weight kg 
Please answer the following questions as best as you can. They relate to your 
exercise habits. 
A. Suppose you were going to exercise continuously on an indoor track for 
1 mile. Which exercise pace is just right for you—not too easy and not too 
hard? Circle the appropriate number (any number, 1 to 13). 
1 Walking at a slow pace (18 minutes per mile or more) 
2 
3 Walking at a medium pace (16 minutes per mile) 
4 
5 Walking at a fasf pace (14 minutes per mile) 
6 
7 Jogging at a slow pace (12 minutes per mile) 
8 
9 Jogging at a medium pace (10 minutes per mile) 
10 
11 Jogging at a fasf pace (8 minutes per mile) 
12 
13 Jogging at a fast pace (7 minutes per mile or less) 
B. How fast could you cover a distance of 3 miles and NOT become 
breathless or overly fatigued? Be realistic. 
Circle the appropriate number (any number, 1 to 13) 
1 I could walk the entire distance at a slow pace (18 minutes per mile or 
more) 
2 
3 I could walk the entire distance at a medium pace (16 minutes per mile) 
4 
5 I could walk the entire distance at a fasf pace (14 minutes per mile) 
6 
7 I could jog the entire distance at a slow pace (12 minutes per mile) 
8 
9 I could jog the entire distance at a medium pace (10 minutes per mile) 
10 
11 I could jog the entire distance at a fast pace (8 minutes per mile) 
12 
13 I could run the entire distance at a fast pace (7 minutes per mile or less) 
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C. Select the number that best describes your overall level of physical 
activity for the previous 6 MONTHS: 
0 avoid walking or exertion, e.g. always use elevator, drive when possible 
instead of walking 
1 light activity: . walk for pleasure, routinely use stairs, occasionally exercise 
sufficiently to cause heavy breathing or perspiration 
2 moderate activity: 10 to 60 minutes per week of moderate activity; such as 
golf, horseback riding, calisthenics, table tennis, bowling, weight lifting, yard 
work, cleaning house, walking for exercise 
3 moderate activity: over 1 hour per week of moderate activity as described 
above 
4 vigorous activity: run less than 1 mile per week or spend less than 30 
minutes per week in comparable activity such as running or jogging, lap 
swimming, cycling, rowing, aerobics, skipping rope, running in place, or 
engaging in vigorous aerobic-type activity such as soccer, basketball, tennis, 
racquetball or handball 
5 vigorous activity: run 1 mile to less than 5 miles per week or spend 30 
minutes to less than 60 minutes per week in comparable physical activity as 
described above 
6 vigorous activity: run 5 miles to less than 10 miles per week or spend 1 
hour to less than 3 hours per week in comparable physical activity as 
described above 
7 vigorous activity: run 10 miles to less than 15 miles per week or spend 3 
hours to less than 6 hours per in comparable physical activity as described 
above 
8 vigorous activity: run 15 miles to less than 20 miles per week or spend 6 
hours to less than 7 hours per week in comparable physical activity as 
described above 
9 vigorous activity: run 20 to 25 miles per week or spend 7 to 8 hours per 
week in comparable physical activity as described above 
10 vigorous activity: walk for pleasure, routinely use stairs, occasionally in 
comparable physical activity as described above 
(don't write below this line) 
Estimated V02maX = 45.513 + 6.564 (gender) — 0.749(BMI) + 0.724(PFA) + 
0.788(PAR) where gender is (0 =female, 1 =male) and PFA is sum of both PFA 
questions 
 =45.513+6.564( )-0.749( )+0.724( 
0.788 C 
~+ 
Ref: George, J.D., W.J. Stone, and L.N. Burkett. Non-exercise V02maX estimation for physically 
active college students. Med Sci Sports Exerc 29(3):415-423, 1997. 
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